Introduction

I
nfluenza affects a large percentage of the population each year, with estimates as high as 15%. 1 The smoking prevalence of 30.5% in men and 20.5% in woman found in the Spanish population according to the latest National Health Survey remains very high, 2 but is lower in the elderly (16.2% in men and 4.6% in woman aged 65-74 years).
Smoking favors the frequency and severity of several respiratory diseases. 3 Tobacco smoke causes the deposition of particles in the airways that damage the protection mechanisms of the respiratory system at different levels, alters the function of the ciliary mucus and the clearance of inhaled substances, enables the adherence of bacteria to airway epithelial cells, increases alveolar permeability and decreases cellular and humoral immunity. 4, 5 Through these effects on the immune system, smoking may facilitate influenza virus infection, its severity, and its most frequent complications, such as bacterial pneumonia. 6, 7 Studies have estimated that smokers have more than twice the risk of clinical disease 8, 9 compared with non-smokers and also present more severe forms. 10 Some authors suggest that these effects are dependent on the chronicity of smoking and may persist, although to a lesser extent, after stopping smoking. [11] [12] [13] The presence of concomitant diseases strongly associated with smoking, such as chronic obstructive pulmonary disease (COPD) and congestive heart disease, make it difficult to assess the role of smoking in increasing the severity of influenza.
14, 15 The role of smoking in influenza in the elderly may be more difficult to assess due to the lower prevalence of smokers and the higher prevalence of ex-smokers and because some smokers die before the age of 65 years due to tobacco-related causes. 16 Thus, there is a need to determine the effect of smoking as a risk factor for influenza hospitalization in the elderly.
The aim of this study was to estimate the smoking history as a risk factor for influenza hospitalization and influenza vaccine effectiveness in smokers/ex-smokers and non-smokers in the 2013-2014 and 2014-2015 influenza seasons in Spain in people aged !65 years.
Methods
Study design
We designed a multicenter, case-control study in 20 Spanish hospitals from seven Spanish regions (Andalusia, the Basque Country, Castile and Leon, Catalonia, Madrid, Navarre and Valencia Community). All were public reference hospitals located in the main cities of each community and all provided free-at-thepoint-of-delivery healthcare under the auspices of the Spanish National Health Service. Cases hospitalized due to influenza in the participating hospitals in the 2013-2014 and 2014-2015 influenza seasons and corresponding inpatient controls were recruited.
Selection of cases and controls
Patients aged !65 years hospitalized for at least 24 h with laboratoryconfirmed influenza virus infection [reverse-transcription polymerase chain reaction (RT-PCR), culture or immunofluorescence] were selected. Patients with nosocomial infection, defined as influenza virus infection appearing ! 48 h after admission for other reasons, were excluded.
Three matched controls were selected for each case from patients aged !65 years with unplanned hospital admission due to causes other than influenza or acute respiratory disease. Controls were matched with each case according to age (AE3 years), sex and date of hospitalization (AE10 days). Controls were selected from patients admitted to the general surgery, internal medicine service, ophthalmology, otorhinolaryngology, dermatology, or traumatology services. Patients referred from nursing homes and those who did not provide written informed consent were excluded.
Data collection
Hospitalized cases and controls were interviewed by specificallytrained health professionals using the same structured questionnaire at a similar time after hospitalization and their medical records were reviewed.
The following demographic variables and pre-existing medical conditions were recorded: age, sex, marital status, educational level, smoking and alcohol intake, the Barthel index as a measurement of limitations in activity (ranging from 0-complete dependence to 100-complete independence), COPD, chronic respiratory failure, history of pneumonia during the last two years, other lung diseases, neoplasia, transplantation, diabetes, renal failure, congestive heart disease, disabling neurological disease, obesity [body mass index (BMI) ! 30] and chronic liver disease.
Definition
We defined the variable 'Any risk medical condition' as: Yes (!1: COPD, congestive heart disease, renal failure, diabetes, chronic liver disease) or No (no risk medical conditions). High alcohol consumption as: Yes (>40 g/day for men and >24 g/day for women) or No. Smoking was defined as habitual smoker (any smoking in the last 6 months), ex-smoker (former smoker who gave up and had not smoked in the last 6 months) and never smoker. As the prevalence of smokers was very low, we combined smoker and ex-smoker in the same category for the analysis.
Information on the seasonal influenza vaccine status and pneumococcal vaccination status was obtained from medical records or vaccination cards. Cases and controls were considered vaccinated with the seasonal influenza vaccine if they had received a dose of the trivalent inactivated vaccine at least 14 days before the onset of symptoms of the case.
Statistical analysis
A bivariate comparison was made between cases and controls for demographic variables, smoking, alcohol intake, Barthel index, influenza vaccine and any medical conditions using the McNemar test for categorical variables. Unadjusted matched odds ratios (OR) were estimated using the McNemar test.
Multivariate analysis using conditional logistic regression was made to estimate the adjusted OR (aOR) for smoking status (smokers and ex-smokers). Covariates were introduced into the model using a backward stepwise procedure, with a cut-off point of P < 0.2.
In the different regression models, the aOR for smoking for all cases and controls considered together and by sex and age-group (65-74; 75-84; and !85 years) were calculated to evaluate possible differences and rule out selection bias. The analysis according to sex or age group was adjusted using conditional logistic regression.
The effect of the vaccine was evaluated according to the smoking categories (smokers/ex-smokers and nonsmokers) using unconditional logistic regression with backward selection of variables, with a cut-off point of P < 0.2. Vaccine effectiveness (VE) was calculated using the formula: VE = (1 -aOR) Â 100.
The fraction of influenza hospitalization attributable to smoking in the exposed population was calculated by estimating the attributable risk in the exposed population: (ARe) = [(aOR-1)/(aOR-1) + 1] Â 100.
The analysis was performed using the SPSS v.23 statistical package and the R v3.3.0 statistical software (http://cran.r-project.org).
Ethical considerations
All data collected were treated as confidential, in strict observance of legislation on observational studies. The study was approved by the Ethics Committees of the participating hospitals. Written informed consent was obtained from all patients included in the study.
Results
We studied 728 cases with RT-PCR-confirmed influenza (443 cases from season 2013-2014 and 295 from season 2014-2015) and 1826 controls.
Cases and controls had a similar frequency of females (47.1% vs 48.4%), and patients in each age group (P = 0.29) (Table 1) . However, compared with controls, cases had a different distribution of the marital status (P = 0.02) and the Barthel index (P = 0.08), a lower prevalence of influenza vaccination (49.3% vs 57.7%; P < 0.001) and a higher frequency of smoking (47.4% vs 42.1%; P = 0.01) ( Table 1 ). The proportion of ex-smokers and current smokers was 39.6% and 7.8% in cases vs 35.0% and 7.1% in controls.
The prevalence of smoking among cases was 58.9% in the 65-74 years age group, 45.6% in the 75-84 years age group and 31.4% in the !85 years age group; 75.3% in males vs 16.0% in females (P < 0.001); 66.7% in separated/divorced people, 59.0% in single people, 54.0% in married/cohabiting subjects and 29.5% in widowed persons; 51.2% in patients with a higher Barthel index vs 28.5% in those without (P < 0.001); 81.3% in patients with high alcohol consumption vs 46.6% in those without (P < 0.001); and 52.7% in persons with any risk medical condition vs 35.3% in those without (P < 0.001) ( Table 2 ). Controls had a lower prevalence of smoking than cases although the patterns and differences within groups were similar (Table 2 ). In addition, the prevalence of smoking in non-vaccinated controls was 45.1% compared with 39.9% in vaccinated controls (P = 0.02) ( Table 2) .
In the multivariate analysis, smoking (aOR = 1.32, 95% CI: 1.04-1.68) was significantly associated with the risk of influenza hospitalization (P = 0.02) ( Table 3 ). In the logistic regression models according to age groups, the aOR between smoking and influenza hospitalization was > 1 in all age groups, but was only statistically significant in the !85 years age group (aOR = 2.27, 95% CI: 1.16-4.44) due to the low power of the estimates. Analysis by sex showed that the aOR for influenza hospitalization were all > 1, but were higher in females (aOR = 1.95, 95% CI: 1.28-2.97) than in males (aOR = 1.14, 95% CI: 0.85-1.52) (Supplementary Table) . The fraction of the risk of influenza hospitalization attributable to smoking was 24.2% (95% CI: 3.84% to -410.5%) in current smokers/ex-smokers.
The influenza vaccine was effective in preventing hospitalization both in current smokers/ex-smokers and non-smokers but was slightly lower in smokers/ex-smokers in whom it was not statistically significant due to the lower statistical power. Influenza vaccine effectiveness in current smokers/ex-smokers was 21% (95% CI: -2 to 39) and 39% in non-smokers (95% CI: 22-52) ( Table 4 ).
Discussion
The results of this study of cases aged ! 65 years hospitalized due to influenza and their corresponding controls show that the risk of influenza hospitalization was 30% higher in patients with a history of smoking (smokers and ex-smokers). After controlling for potential confounders and influenza vaccination, smoking was responsible for 24.2% of hospitalizations due to influenza in patients with a history of smoking. The results hold true for different age groups, with variations attributable to the low power of the analysis, and in females, who had a much higher risk than men, probably due to different patterns of susceptibility to tobacco. In addition, the influenza vaccine was effective in preventing hospitalization but was slightly less effective in smokers/ex-smokers than in nonsmokers.
The estimated risk of influenza hospitalization in patients with a history of smoking (aOR = 1.31) may be attributed to the effects of tobacco in ex-smokers aged ! 65 years. Similarly, we estimated in another study 11 that the risk of hospitalization was slightly higher (aOR = 1.73) in ex-smokers aged !18 years although lower than in smokers (aOR = 2.18). Likewise, Ward et al. 17 found that the risk of hospitalization remains very high in ex-smokers aged !16 years (aOR = 2.18). All these studies reported that the risk of hospitalization was greater, although less so, in ex-smokers, suggesting that the lesions caused by smoking remain over time, although their effects lessen.
The risk of the history of smoking on influenza hospitalization remained in different age groups, with variations due to the low power of the analysis in some cases. There was an increased risk in patients with a history of smoking aged ! 85 years. Likewise, other studies suggest the increased risk in ex-smokers may be due to the cumulative effect of smoking over time. 11, 18 The risk of influenza hospitalization in patients aged !65 years with a history of smoking was greater in females than in males. The study by Kark et al. 19 showed a higher risk ratio in female soldiers who smoked (RR = 1.44) than in those who did not, while Ward et al. 17 reported a higher risk of influenza hospitalization in female former smokers of childbearing age (OR = 2.8). In contrast, other studies found a higher risk in male smokers than in female smokers and ex-smokers. 11, 17 As we only studied the history of smoking in patients aged ! 65 years, a possible survival effect in males and smokers cannot be ruled out, as women and neversmokers tend to live longer. 16 Influenza vaccine effectiveness was moderate (21% in smokers and 39% in non-smokers), and was similar to that found in other observational studies in patients aged ! 65 years. 20 Furthermore, influenza vaccination is strong recommended by the main public health agencies. 21, 22 The prevalence of smoking in controls was higher in non-influenza vaccinated patients than in vaccinated ones and suggests, similar to other studies, that a history of smoking may be negatively associated with influenza vaccination. 23 Vander et al. found that, in the Behavioral Risk Factor Surveillance System of US adults, daily smokers were less likely to receive influenza vaccination despite their increased risk for respiratory disease. 24 Our results are consistent with studies in animal models which found that smoking damages the immune system of the airways, causing a reduction in interferon gamma (IFN ) and CD4 lymphocytes, thus enabling not only infection but also the severity of influenza. 4, 13, 25 A cohort study 26 in volunteer smokers, ex-smokers, second-hand smokers and non-smokers who were inoculated with an attenuated influenza virus in the nasal mucosa found not only suppression of the response to the virus but also a higher viral load in people exposed to smoking. It also found greater disease severity and persistence of the effect of smoking in ex-smokers.
This study has some limitations. Smoking consumption was collected through interviews and the history of smoking was selfreported by patients. However, as all patients, cases and controls were hospitalized and as a structured questionnaire was used, potential observer bias was minimized. We also matched cases and controls for the date of hospitalization AE 10 days, to avoid recall bias or other errors associated with the moment patients contacted the health system. Some risk factors were related to age. We matched cases and control by age AE 3 years to control for the effect of age and to obtain a sufficient number of controls for logistic reasons. In cases and controls, the prevalence of smoking decreased with age and was much higher in males than in females. Therefore, the risk in some subgroups (males and younger adults) may have been diluted by the possible confounding effect of sex and age. 16 For this reason, we also estimated the risks using separate regression models according to gender and age group. The outcome measure used in this study was hospitalization due to influenza, and smoking is also associated with an increased risk of other factors that influence hospitalization, including the marital status, high alcohol consumption, the Barthel index and chronic diseases including COPD, diabetes, congestive heart disease and renal failure. 15, 27 However, all these variables were entered in the final regression models and their effects controlled for, but residual confounding cannot be ruled out.
The results of this study have implications for public health. The fraction of the risk of influenza hospitalization attributable to smoking was 24.2% in smokers and ex-smokers aged !65 years, slightly lower than the 40.6% found by Kark et al., 9 and suggests that patients with a history of smoking should be informed about their risk of hospitalization due to influenza. Likewise, studies have shown lower rates of influenza vaccination in smokers 23, 28 which could add to the negative effect of smoking.
The effectiveness of influenza vaccination in our study was slightly lower in smokers than in non-smokers. Horvath et al. found that cytotoxic NK cell activity and IFN levels were suppressed in smokers following live attenuated influenza vaccination. 29 However, Woolpert et al. studied 28 929 vaccination events during two influenza seasons, including 22 734 (79%) live attenuated vaccinations and 6195 (21%) trivalent inactivated influenza vaccinations, and found that, in the final adjusted model, the relative effectiveness of the two vaccine types did not differ by smoking status (P = 0.10). 30 Other studies have shown a high effectiveness of influenza vaccination in vaccinated smokers compared with non-vaccinated smokers. 23 Therefore, smoking should be an indication for vaccination for current smokers and ex-smokers, as suggested by the Centers for Disease Control and Prevention for the 23-valent pneumococcal polysaccharide vaccine. 31 In conclusion, a history of smoking may increase the risk of hospitalization in smokers and ex-smokers. Preventing smoking could reduce hospitalizations due to influenza. Smokers and ex-smokers should be informed of the risk of hospitalization due to influenza infection, and encouraged to stop smoking. Smokers should be considered an at-risk group to be aggressively targeted for routine influenza vaccination. 
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Key points
Smoking was associated with an increased risk of influenza hospitalization due to influenza in the elderly.
Smoking reduces influenza vaccine effectiveness in the elderly.
Smoking prevention could reduce hospitalizations due to influenza.
